A spectrochemical method is presented for the quantitative analysis of zirconium oxide for twentytwo impurities. Silver chloride is used as a acarrier in a carrier-distillation type arcing procedure. The general range is 10,000 ppm to 1 ppm on most elements and impurities can be determined by visual comparison to an accuracy of ± SO% of the element present.
Introduction
A number of articles have been recently published on the spectrochemical determination of hafnium in zirconium or its oxide."2'3 While this is of importance because of the difficult task of separating these two elements, a general analysis of zirconium oxide was needed for other impurities in the range of 10,000 ppm to 1 ppm.
Since zirconium oxide is a highly refractory material, it should be well suited for the carrier-distillation type of analysis for impurities. 4 The carrier-distillation analysis method consists of arcing the sample, which has been intimately mixed with a carrier or buffer material, in a deepcratered electrode. The sample is heated by arcing at high current density during which time the carrier distills into the arc taking with it a large fraction of the impurity content of the sample. Thus, the intensity of the impurity lines is increased with respect to the zirconium lines because of preferential volatilization. The carrier may be any one or combination of a number of materials more volatile than the zirconium oxide, such as silver chloride, strontium chloride, barium fluoride, or gallium oxide.
Experimental
Various sets of standards were prepared containing twenty-two elements for use in developing the analytical procedure. To avoid contamination, the standards were ground using a zirconium mortar and pestle. Zirconium Oxide base material was prepared by W. M. Leaderst by precipitation of crystals of a zirconium salt with sulphuric acid from a chloride acid solution of zirconium, then converted to the oxide by igniting at 800 ° C for one hour in a platinum crucible.
Series of moving plates were taken at 5, 10, 15, 20 and 23 amperes d.c. using different carriers in varying concentrations in Order to determine the best carrier material. Various sample sizes and electrode types were also tried. As anticipated, large samples and high current densities gave the best sensitivity. However, considerations of the limited output of the power supply, optimum crater dimensions (and hence sample size), and optimum blackening of the photographic plate resulted in a selection of a sample consist;ng of 70 mg of zirconium oxide and 30 mg of silver chloride burned at 20 amperes d.c. The one-fourth inch pedestal-type electrode was drilled to an inside diameter of 4.2 mm and a depth of 8.0 mm. Because of the high melting and boiling points of zirconium oxide, much higher temperatures than normally utilized in the fractional distillation procedure could be used, thus bringing out relatively more refractory impurities, such as iron oxide and' magnesium oxide, in a reproducible manner. Seventy milligrams was considered adequate to overcome any segregation effects in sampling. A mixing of the zirconium oxide and carrier together on the transfer pan was sufficient to give reproducible burnings.
A compromise in the exposure conditions was decided upon due to the reaction of groups of elements with various carriers and the desirability of analyzing the zirconium material for 22 elements. The operating conditions which gave the best sensitivity for silicon were achieved when 70 mg of zirconium oxide with 30 mg of barium fluoride was burned for 60 seconds in a 23 ampere d.c. arc. However, it was observed that aluminum, calcium, and molybdenum were not excited reproducibly under these same conditions. Calcium in the range of 10,000 ppm causes some reduction in the intensity of the zirconium lines. Using zirconium oxide without a carrier gave very good sensitivity for cadmium, zinc, boron, the alkalis, and other relatively volatile elements; but under this condition elements such as molybdenum and titanium could not be detected below 100 ppm. Although the silicon, calcium, and aluminum lines were sensitive with no carrier, the intensity of their lines varied erratically as a function of the concentration of these elements, indicating suppressing or enhancing effects by one or more of the other impurities.
No attempt was made to lower the analysis limits below 40 ppm on lithium and sodium by using lines of longer wavelength; however, by the use of 6708 A Li and 5890 A N a , much lower limits could be reached.
A large number of carriers, such as gallium oxide, ammonium nitrate, etc., were added to the zirconium oxide; but each impurity element tested indicated better sensitivity when either silver chloride or barium fluoride was used. Most of these other carriers failed to carry efficiently and reproducibly one or more of the elements into the arc.
Silver chloride was an excellent carrier for all elements investigated with the exception of silicon and platinum; these did not start burning for approximately 40 seconds during which time most of the silver chloride and other impurities were burned out. After this 40 second arcing period, silicon and platinum appeared with high sensitivity. Very good analyses were made by exposing for 36 seconds, racking, and then exposing 60 seconds longer. This proved extremely satisfactory except it limited the number of analyses which could be carried out on a given plate.
Various mixtures of silver chloride and barium fluoride with zirconium oxide were tried in an attempt to induce higher silicon sensitivity in the early part of the arcing period. A mixture of 30 mg of carrier (composed of 15% barium fluoride and 85% silver chloride) and 70 mg of zirconium oxide produced acceptable silicon line intensities in 30 second burnings. However, the sensitivity for most of the other elements was not as good as with the silver chloride alone and, except for special silicon investigations, the analyses were carried out using only silver chloride as the carrier.
M e t h o d of Analysis
Seventy milligrams of the zirconium oxide sample was intimately mixed with 30 mg of silver chloride on a polished stainless steel transfer. The mixture was tamped into a 4.2 by 8 mm crater in a ¼ by 5/8-inch long pedestal electrode. To produce a more even burning, a vent was made with a clean needle through the center of the charge which was then arced for 60 seconds at 20 amperes d.c. All samples were run in duplicate on Eastman Spectrum Analysis Number I plates used in the second order of a Jarrell-Ash 15,000 line per inch grating spectrograph set for the wavelength range 2200 A to 3400 A. The plates were developed three minutes in D-19. Figure 1 shows the approximate useful analytical range of each element. These were not the most inclusive ranges that could be achieved by this method, but were practical and satisfactory limits in this laboratory. Further lowering of certain of these limits Would require special precautions concerning electrode purity and a purer base material for the more ubiquitous contaminants. Few elements were introduced at the 10,000 ppm level to minimize extraneous element effects. At a concentration of 400 ppm, under the conditions of analysis, the extraneous element effect seemed to be negligible. All twenty-two elements appear in standard :~:4; the remaining standards are dilutions of each preceding standard. Analysis was made by visual comparison of the density of the impurity line with the corresponding line in a set of standards using an ARL Dietert comparator densitometer. A section of a standard plate is shown in Figure 2 . The 2833.069 A Pb I line (A) is shown with lead introduced at a concentration of 0.1%; 2835.633 A C r II and 2839.989 A Sn I (B and C) at 0.04%; and 2852.129 A Mg I (D) at 1%. From the standard plate, lead, chromium, and tin can be read without difficulty to 0.0001%; however, due to impurities in the base material, no attempt was made to read magnesium below 0.001%. Also, line D was not a useful analytical line because of the base contamination.
Conclusion
Analyses for these 22 impurities can be carried out on about 20 samples per man day, the equivalent of a sepa-1. rate element determination per minute. The accuracy of this visual comparison method of analysis is estimated to be about ± 50% of the amount of the element present. Higher accuracy could be obtained by densitometric 2. treatment s of data, but this was deemed unnecessary for 3. our purposes.
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Massachusetts Institute of Technology "The tasks of geochemistry are firstly, to determine the composition of the earth, and secondly, to find the laws of distribution of the elements." This statement by the late V. M. Goldschmidt may be taken to convey what is usually meant by geochemistry. It need hardly be emphasized which of the two main aspects of geochemistry will be discussed here.
Most of our direct information on the composition of the earth is, of course, confined to its surface, and quantitative data on the abundance of the common elements in surface rocks and minerals has been accumulating since the middle of the nineteenth century. By 1924 , Clarke (1924 was able to produce his well known "Data of Geochemistry," in which the abundance data of the common elements in some 5159 rocks were presented. Although the accumulation of such a vast amount of information about the common elements by no means exhausted the need for further quantitative data about their distribution, increased attention was naturally focussed on the geochemical distribution of rare elements and the need perforce arose for methods of analysis which were sensitive and which in addition had the qualities of speed and accuracy.
Various possible general methods of analysis presented themselves and some of the earliest application of spectrochemical methods was that as a tool for obtaining quan-titative data about the distribution of many rarer elements. A particularly vigorous school of geochemical research developed at G6ttingen in the period 1931-1936, at which time the abundance and distribution of several elements (Sc, Ga, Li, Cs, Rb, Sr, Ba, Be, Ge, and some rare earths) was investigated. This involved the first large-scale use of spectrochemical methods, and the aid of two physicists, Mannkopff and Peters, was sought for the development of methods which could handle a large number of geological specimens of one sort or another. Mannkopff and Peters developed the cathode layer method of DC arc excitation. Several well-known spectrochemists, for example L. W. Strock of the U. S. A., and R. L. Mitchell of Great Britain, worked at one time or another with the group at G6ttingen. Although many of the procedures used at that time would be classed as semiquantitative, they nevertheless served their purpose for the most part outstandingly well.
For political reasons V. M. Goldschmidt left G6ttingen, and with the start of the second World War shortly thereafter research activity under his guidance, and for that matter activities elsewhere, Were not to be resumed again to any really significant extent until after 1945.
Since the war, various individuals and groups have started active research in geochemistry. Here I would like to confine myself to an outline of some of the postwar
